This article focuses on creating a diagram for determining the shape coefficient α for normalized grooved shaft according to engineering tables. We used FEM calculations for determination of diagrams and we compared that with existing historical monogram and diagrams.
INTRODUCTION
Diagrams and monograms serve to determine the shape factor that causes the stress concentration in the grooved shaft. Diagrams and monograms for the determination of the shape coefficient α have been known since the early 20th century. As I have already mentioned for the determination of the α-shape coefficient, diagrams, monograms, but also empirical formulas can be used. All of these findings were determined in the last century. At present, we can use modern computational methods such as FEM. However, designers haven't the opportunity to apply methods like FEM analysis. But no one knows how were the diagrams and monograms they were designed or acquired in the past.
Materials and Methods
The value of the shape factor depends on the size of the grooved shaft. According to the monograms used so far, the slope of the curve is dependent on the shaft parameter of the grooved shaft.
To determine the curves, we use a calculation where we use the MKP software (Ansys). Where the dimensions of the grooved shaft ( Fig. 1) are specified parametrically. For the parameter (D-d)/a, we chose types of the grooved in eight to ten samples. [2] Figure 1. Schema of sample [2] According to known monograms, the slope of the curve is different for each parameter. Determination of these curves had to be experimental.
An example of the entered parameters for each selected curve with a given number of samples can be seen in Tab. 1.
[3] Table 1 . An example of the specified parameters for the
Using the empirical relationship (1) for calculating the torque stress at a critical point on the shaft [1] [2]:
To determine the shape coefficient α, we use the
Where MK is a torque moment (Nmm), τn is the torque stress (MPa ), d is the parameter grooved shaft and α is shape coefficient (-).
We used the FEM Ansys software, we found the maximum tension in the foot of the single groove in the grooved shaft. Then, for each selected type of grooved shaft sample, we determined the value of the shape coefficient α for the individual calculations that were entered into the graph and the curve for each selected sample -Dia. 1. The graph (Fig. 2.) shows the waveform (D-d) / a of each value has a different waveform. For each parameter, we used the same torque depending on the grooved shaft parameters. [2] 2 RESULTS AND DISCUSSION This is the one of the historical diagrams (Fig.3) .
Figure 3. Diagram of shape coefficient concentration
factor α for grooved shaft [2] As already mentioned, for each curve of (D-d) / a, were chosen of parameters of grooved shaft corresponding with value -(D-d) / a = 0.5 and 0.8 [2] . These values were entered into the graph and the curve for each curve was plotted along the trend line, depending on the parameters of the spline shaft - Fig. 4 .
Figure 4. Procedures for determination of shape coefficients
Comparison of the calculation of the curves for the selected grooved shaft with the previously used diagrams for the determination of the shape coefficient, we can see some similarity between these curves, which determine the shape coefficient "α". Shape curves and curves from historical diagrams are similar, but you can see that the value of shape factor "α " are not.
If we compare the historical monogram with the monogram created, we can see similarity in the slope of the curves - Fig. 5 . These examples show how you can determine the shape factor "α" for a dangerous location on the shaft (grooved shaft).
But there are other places on the shaft where the voltage is very high and thus affects its life, such as a through hole, grooving and a groove for the pen. Similarly, diagrams for the shape coefficient "α" for each location on the shaft with a high concentration of stress will be created and compared with the historical diagrams.
These diagrams will then be digitized for easier looking for shape factors.
